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[FIG. 4]
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CURVED SURFACE-STRUCTURED
BATTERY PACK

TECHNICAL FIELD

The present invention relates to a secondary battery that

can be repeatedly charged and discharged and, more par-
ticularly, to a lithium secondary battery.

BACKGROUND ART

With remarkable development of information technology
(IT), a great variety of portable information communication
devices has been popularized. As a result, in the 21% century,
we are moving toward a ubiquitous society in which high-
quality information service 1s possible regardless of time and
place. Lithium secondary batteries are very important to
realize such a ubiquitous society.

In recent years, design of electronic devices has been very
important in consumers’ choice of products and the elec-
tronic devices have been gradually miniaturized and thinned
according to consumers’ liking. To this end, there 1s a high
necessity for mimaturizing and thinning a lithium secondary
battery 1n order to minimize unnecessary waste ol an inter-
nal space of each of the electronic devices. In addition, it 1s
necessary for the lithium secondary battery to have various
shapes corresponding to shapes of the electronic devices. In
recent years, the demand for a curved battery, including a
flexible battery, has increased.

In connection with this case, Korean Patent Application
Publication No. 2012-0082808 discloses a curved battery.
However, Korean Patent Application Publication No. 2012-
0082808 only discloses the curved battery mounted in an
external electronic device but does not disclose problems
caused from the curved battery.

DISCLOSURE
Technical Problem

The mventors of the present application have found that
a curved battery has a problem in that a time-dependent
spring back phenomenon in which the curved battery returns
to a flat state before being curved occurs 1 the curved
battery and, furthermore, a pouch-shaped battery, which
exhibits low resistance to external impact, has a problem 1n
that curvature of the pouch-shaped battery 1s changed due to
external impact. These problems lower dimensional stability
of the battery with the result that 1t 1s not easy to mount the
battery 1n an electronic device.

It 1s an object of the present invention to provide a curved
battery pack with improved dimensional stability that 1s
capable of solving the above conventional problems.

Technical Solution

In accordance with one aspect of the present invention,
the above and other objects can be accomplished by the
provision of a battery pack including a battery cell having a
curved surface and a pack housing having a curved surface,
the pack housing having a battery cell receiving space
corresponding to the curved surface of the battery cell to
prevent occurrence of a spring back phenomenon of the
battery cell and to prevent change in curvature of the battery
cell due to external impact.

The battery cell may be a pouch-shaped battery cell
including an electrolyte, an electrode assembly having a
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curved stacked surface of a cathode, an anode, and a
separator, electrode leads connected to electrode tabs of the
clectrode assembly, and a battery case having the electrolyte
and the electrode assembly received 1n a receiving part
having a curved surface corresponding to the curved surface
of the electrode assembly, an opening of the battery case
being sealed 1mn a state in which the electrode leads are
exposed outward.

The battery case may be made of a laminate sheet
including a metal layer and a resin layer. Specifically, the
laminate sheet may be an aluminum laminate sheet. The
battery case made of the laminate sheet may include a lower
case including a depressed receiving part and an outer edge
part extending from the receiving part and an upper case
coupled to the lower case by thermal bonding. According to
circumstances, the upper case may include a depressed
receiving part and an outer edge part extending from the
receiving part. The upper case and the lower case may be
separated from each other. Alternatively, the upper case and
the lower case may be partially connected to each other.

The battery case made of the laminate sheet exhibits a
higher degree of freedom 1n shape than a metal can type
battery case. However, the battery case made of the laminate
sheet exhibits low mechanical strength against external
impact and a spring back phenomenon may easily occur 1n
the battery case made of the laminate sheet. In accordance
with one aspect of the present invention, the battery pack
adopts a curved pack housing having a battery cell receiving
space corresponding to the curved surface of the battery cell
to prevent occurrence ol a spring back phenomenon of the
battery cell and to prevent change in curvature of the battery
cell due to external impact and exhibiting mechanical
strength. The pack housing 1s a protective member covering
the outer circumierence of the battery case such that the
battery cell has high mechanical strength against external
impact. The pack housing may be made of a metal or a
high-strength polymer resin.

The receiving part of the battery case may correspond to
the recerving part of the finished pouch-shaped battery cell.
The region of the battery case at which the opening 1s sealed
may be formed at the outer edge of the receiving part of the
fimshed pouch-shaped battery cell. Hereinatter, the sealed
region may be referred to as an outer circumierential sealed
portion.

In a non-limiting embodiment, the battery case may have
one or more outer circumierential sealed portions bent
toward an outer wall of the receiving part. Specifically, the
battery case may have one or more outer circumierential
sealed portions bent toward an outer wall of the receiving
part excluding another outer circumierential sealed portion
from which the electrode leads are exposed outward. More
specifically, the electrode leads may be bent toward the
unbent outer circumierential sealed portion.

In a non-limiting embodiment, the pack housing may
include a curved upper plate facing a top of the battery cell,
a curved lower plate facing a bottom of the battery cell, and
side plates extending from the upper plate or the lower plate
to form a curved receiving space while facing side walls of
the battery cell, two or more of the side plates being curved.

The side plates extending from the upper plate may
extend to the lower plate and the side plates extending from
the lower plate may extend to the upper plate. In this case,
one or more of the side plates may be flat, at least one of the
flat side plates may be provided with an opening, through
which the battery cell having the curved surface 1s inserted.
In this case, the upper plate and the lower plate may be
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coupled to each other and then the battery cell having the
curved surface may be slidably coupled into the pack
housing through the opening.

In addition, the side plates extending from the upper plate
may be connected or coupled to the lower plate and the side
plates extending from the lower plate may be connected or
coupled to the upper plate. In this case, the battery cell
having the curved surface may be mounted 1n the lower plate
and then the upper plate may be coupled to the lower plate
such that the battery cell having the curved surface 1s
mounted 1n the pack housing.

The expression “connected or coupled” used 1n the above
description may mean that the side plates, which are sepa-
rated from the upper plate or the lower plate, are coupled to
the upper plate or the lower plate using fastening members.
In addition, the expression “extending” used in the above
description may mean that the side plates are integrally
tormed with the upper plate or the lower plate, for example,
by 1njection molding without using fasteming members.

Coupling between the upper plate and the lower plate 1s
not particularly restricted. For example, coupling between
the upper plate and the lower plate may be achieved through
a bolt fastening structure, a fastening structure using cou-
pling grooves and coupling protrusions, etc., which are well
known 1n the art to which the present invention pertains. In
the following description, coupling between the respective
plates 1s not particularly restricted. For example, coupling
between the respective plates may be achieved through a
bolt fastening structure, a fastening structure using coupling
grooves and coupling protrusions, etc., which are well
known 1n the art to which the present invention pertains.

In a non-limiting embodiment, the pack housing may
include a curved upper plate facing a top of the battery cell,
a curved lower plate facing a bottom of the battery cell, and
side plates connected or coupled to the upper plate or the
lower plate to form a curved receiving space, the side plates
facing side walls of the battery cell, two or more of the side
plates being curved. In this case, the side plates may be
provided separately from the upper plate or the lower plate
and may be coupled to the upper plate and the lower plate
using fastening members.

In a non-limiting embodiment, the pack housing may
include a first housing including a curved upper plate facing
a top of the battery cell and upper side plates extending from
the upper plate and coupled to lower side plates to form a
curved recerving space, the upper side plates facing side
walls of the battery cell, two or more of the upper side plates
being curved, and a second housing including a curved
lower plate facing a bottom of the battery cell and upper side
plates extending from the lower plate and coupled to the
upper side plates to form a curved receiving space, the lower
side plates facing the side walls of the battery cell, two or
more of the lower side plates being curved. In this case, the
pack housing may be completed by coupling between the
upper side plates of the first housing and the lower side
plates of the second housing.

The upper plate and/or the lower plate may be a window
frame. In a case 1n which the upper plate and the lower plate
are window Irames, it 1s possible to manufacture a light-
weilght battery pack, thereby improving energy density per
mass.

The battery pack may include one or more upper plates
and/or lower plates parallel to a side of the battery cell from
which the electrode leads of the battery cell protrude. In
addition, the battery pack may include one or more upper
plates and/or lower plates parallel to a side of the battery cell
adjacent to another side of the battery cell from which the
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clectrode leads of the battery cell protrude. The positions of
the sides of the battery cell are decided based on when the
battery cell 1s viewed from above.

The battery pack does not need to include only one kind
of upper plate and/or lower plate. For example, the battery
pack may include all upper plates and lower plates extending
in different directions and the upper plates and the lower
plates may intersect. In the above structure, support force of
the battery pack 1s mmproved, thereby more eflectively
restraining the spring back phenomenon of the battery cell.
The number of the upper plates and/or the lower plates may
be decided based on required support force.

In a non-limiting example, the electrode assembly may be
a stacked type electrode assembly which includes one or
more cathodes, one or more anodes, and one or more
separators and in which the cathodes, the anodes, and the
separators are stacked such that the separators are disposed
respectively between the cathodes and the anodes and one
end of each of the cathodes, the anodes, and the separators
does not intersect the other end of each of the cathodes, the
anodes, and the separators.

In another non-limiting example, the electrode assembly
may be a stacked and folded type electrode assembly which
includes one or more cathodes, one or more anodes, one or
more first separators, and one or more second separators and
in which the cathodes, the anodes, the first separators, and
the second separators are stacked such that the first separa-
tors or the second separators are disposed respectively
between the cathodes and the anodes, one end of each of the
cathodes, the anodes, and the first separators does not
intersect the other end of each of the cathodes, the anodes,
and the first separators, the second separators cover sides of
electrodes at which electrode tabs are not formed, and one
end of each of the second separators intersects the other end
of each of the second separators.

In a further non-limiting example, the electrode assembly
may be a wound type or jelly-roll type electrode assembly
which includes one or more cathodes, one or more anodes,
and one or more separators and 1n which the cathodes, the
anodes, and the separators are stacked such that the sepa-
rators are disposed respectively between the cathodes and
the anodes and one end of each of the cathodes, the anodes,
and the separators intersects the other end of each of the
cathodes, the anodes, and the separators.

Meanwhile, the electrode assembly may include one or
more improved electrodes, to one side or opposite sides of
cach of which a separator 1s laminated. For example, each of
the improved electrodes may be configured to have a struc-
ture 1 which a separator 1s laminated to one side of a
cathode or an anode. In addition, each of the improved
clectrodes may be configured to have a structure 1n which
separators are laminated to opposite sides of a cathode or
opposite sides of an anode. Furthermore, each of the
improved electrodes may be configured to have a structure
in which a cathode, a separator, and an anode are laminated
to one another 1n a state 1n which the separator 1s disposed
between the cathode and the anode. In this specification, an
example 1n which a cathode, a separator, and an anode are
laminated to one another 1n a state 1n which the separator 1s
disposed between the cathode and the anode may be defined
as an electrode group.

The outermost electrodes of the electrode group may have
the same polarity or different polarities. In a case 1n which
the outermost electrodes of the electrode group have the
same polarity, the electrode group may be referred to as an
S type electrode group. On the other hand, 1n a case in which
the outermost electrodes of the electrode group have differ-
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ent polarities, the electrode group may be referred to as a D
type electrode group. At least one of the outermost elec-
trodes may be laminated to separators while being disposed
between the separators.

In addition, each of the improved eclectrodes may be
configured to have a structure in which any one selected
from between a cathode and an anode and a separator are
included and any one selected from between the cathode and
the anode 1s laminated to the separator. The electrode having,
the structure as described above may be defined as an
clectrode element. The electrode element may be configured
to have a structure 1n which any one selected from between
a cathode and an anode 1s disposed between separators and
any one selected from between the cathode and the anode 1s
laminated to the separators.

An electrode assembly including a combination of the
clectrode, the improved electrode, the separator, the elec-
trode group, and the electrode element and configured to
have a structure 1n which the separator 1s disposed between
the cathode and the anode falls into the scope of the present
invention.

A method of manufacturing the cathode or the anode may
include preparing a binder solution by dispersing or dissolv-
ing a binder 1n a solvent, preparing an electrode slurry by
mixing the binder solution, an electrode active material, and
a conductive material, coating the electrode slurry on a
current collector, drying the electrode, and pressing the
clectrode to a predetermined thickness.

According to circumstances, the manufacturing method
may further include drying the pressed electrode.

Preparation of the binder solution 1s a process of prepar-
ing a binder solution by dispersing or dissolving a binder 1n
a solvent. The binder may be all binders well known 1n the
art to which the present invention pertains. In particular, the
binder may be one selected from a group consisting of
fluorine resin-based binders such as polyvinylidene fluoride
(PVdF) and polytetrafluoroethylene (PTFE), rubber-based
binders such as styrene-butadiene rubber, acrylonitrile-buta-
diene rubber, and styrene-1soprene rubber, cellulose-based
binders such as carboxymethylcellulose (CMC), starch,
hydroxypropylcellulose, and regenerated cellulose, polyal-
cohol-based binders, polyolefin-based binders such as poly-
cthylene and polypropylene, polyimide-based binders, poly-
ester-based binders, mussel adhesives, and silane-based
binders or a mixture or copolymer of at least two thereof.

The solvent may be selectively used based on the kind of
a binder and, for example, be an organic solvent such as
1sopropyl alcohol, N-methylpyrrolidone (NMP), or acetone,
water, or the like. In a concrete embodiment of the present
invention, a binder solution for the cathode may be prepared
by dispersing or dissolving PVAF in NMP or a binder
solution for the anode may be prepared by dispersing or
dissolving styrene-butadiene rubber (SBR)/carboxymethyl
cellulose (CMC) 1n water.

The electrode slurry may be prepared by mixing/dispers-
ing an electrode active material and a conductive matenal 1n
the binder solution. The prepared electrode slurry may be
delivered to a storage tank such that the electrode slurry 1s
stored 1n the storage tank until a coating process 1s carried
out. The electrode slurry may be continuously stirred in the
storage tank to prevent the electrode slurry from hardening.

The electrode active material may be a cathode active
material or an anode active material.

Specifically, examples of the cathode active material may
include, but are not limited to, layered compounds such as
lithium cobalt oxide (L1CoO,) and lithium nickel oxide
(L1N10O,), or compounds substituted with one or more tran-
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sition metals; lithium manganese oxides having formula
L1, Mn, O, where y=0 to 0.33, such as LiMnO;,
LiMn,O;, and LiMnO,; lithium copper oxide (L1,CuQO,);
vanadium oxides such as [i1V,04, LiFe O, V,O., and
Cu,V,0,; Ni-site type lithium nickel oxides having formula
LiN1,_ M, O, where M=Co, Mn, Al, Cu, Fe, Mg, B, or Ga
and y=0.01 to 0.3; lithium manganese composite oxides
having formula LiMn,_ M. O, where M=Co, N1, Fe, Cr, Zn,

-

or Ta and y=0.01 to 0.1 or formula L1,Mn,MO, where
M=Fe, Co, N1, Cu, or Zn; LiMn,O, in which some of the L1
atoms are substituted with alkaline earth metal 1ons; disul-
fide compounds; and Fe,(MoQO,),.

Examples of the anode active material may further
include carbon such as hard carbon and graphite-based
carbon; metal composite oxides such as L1 Fe,O, where
O=x<l, L1, WO, where O=x<1, Sn Me, _ Me' O, where Me:
Mn, Fe, Pb, or Ge; Me': Al, B, P, S1, Groups 1, 1I and III
clements, or halogens; O=x=<1; 1=y=<3; and 1=z<8; lithium
metals; lithium alloys; silicon-based alloys; tin-based alloys;
metal oxides such as SnO, SnO,, PbO, PbO,, Pb,O,, Pb,O,,
Sb,O,, Sb,O,, Sb,O., GeO, GeO,, B1,0,, B1,0,, and
B1,0.; conductive polymers such as polyacetylene; and
[L.1—Co—Ni-based materials.

The conductive material 1s not particularly limited so long
as the conductive material does not cause chemical changes
in the battery while exhibiting conductivity. Examples of the
conductive material may include graphite such as natural or
artificial graphite; carbon black such as carbon black, acety-
lene black, Ketjen black, channel black, furnace black, lamp
black, and thermal black; conductive fibers such as carbon
fibers and metallic fibers; metallic powders such as carbon
fluoride powder, aluminum powder, and nickel powder;
conductive whiskers such as zinc oxide and potassium
titanate; conductive metal oxides such as titanium oxide; and
conductive materials such as polyphenylene derivatives.

As needed, the electrode slurry may further selectively
include a filler or the like. The filler 1s not particularly
limited so long as the filler 1s a fibrous material that does not
cause chemical changes 1n the battery. Examples of the filler
include olefin-based polymers such as polyethylene and
polypropylene; and fibrous matenals such as glass fiber and
carbon fiber.

Coating of the electrode slurry 1s a process of coating the
clectrode slurry onto a current collector 1n a predetermined
pattern and to a predetermined thickness by passing through
a coater head. Coating of the electrode slurry may be
performed by distributing the electrode slurry on a current
collector and uniformly dispersing the electrode slurry
thereon using a doctor blade or the like or by die-casting,
comma coating, screen-printing, or the like. In addition, the
clectrode slurry may be molded on a separate substrate and
then laminated to a current collector by pressing or lamina-
tion.

The current collector 1s not particularly limited so long as
the current collector does not cause chemical changes in the
battery while exhibiting high conductivity. For example, the
current collector may be made of copper, stainless steel,
aluminum, nickel, titanium, sintered carbon, copper or stain-
less steel surface-treated with carbon, nickel, titanium, sil-
ver, or the like, an aluminum-cadmium alloy, or the like. A
cathode current collector may have fine wrregularities at a
surtace thereof to increase adhesion between a cathode
active material and the cathode current collector and may be
used 1n any of various forms ncluding films, sheets, foils,
nets, porous structures, foams, and non-woven fabrics. Spe-
cifically, the cathode current collector may be a current
collector containing a metal such as aluminum and an anode
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current collector may be a current collector containing a
metal such as copper. The electrode current collector may be
a metal fo1l such as an aluminum (Al) fo1l or a copper (Cu)
foil.

Drying of the electrode 1s a process of removing a solvent
and moisture 1n the slurry to dry the slurry coated on the
metal current collector. In a concrete embodiment, drying 1s
performed 1in a vacuum oven at a temperature of 50 to 200°
C. for a period of one day or less. The manufacturing method
may further include a cooling process aiter the drying
process. The cooling process may be performed by slow
cooling to room temperature.

In order to increase capacity density of the electrode on
which the coating process has been completed and to
enhance adhesion between the current collector and the
clectrode active material, the electrode may be pressed to a
desired thickness by passing through two rolls heated to a
high temperature. This process 1s referred to as a rolling
process.

Before passing through the two rolls heated to the high
temperature, the electrode may be pre-heated. The pre-
heating process 1s a process ol pre-heating the electrode
betore mtroduction of the electrode between the two rolls to
enhance electrode pressing etlects.

The rolled electrode may be dried 1n a vacuum oven at a
temperature of 50 to 200° C., which 1s a temperature range
corresponding to a melting point or higher of a binder, for a
period of one day or less. The rolled electrode may be cut to
a predetermined length and then dried. After the drying
process, a cooling process may further be performed.

As the separator, an insulative thin film having high ion
permeability and mechanical strength 1s used. The separator
generally has a pore diameter of 0.01 to 10 um and a
thickness of 5 to 300 um.

As the separator, sheets or non-woven fabrics, made of an
olefin-based polymer such as polypropylene or glass fibers
or polyethylene, which have chemical resistance and hydro-
phobicity, or Krait paper 1s used. Examples of commercially
available separators include the Celgard series such as
Celgard® 2400 and 2300 (available from Hoechest Celanese
Corp.), polypropylene separators (available from Ube Indus-
tries Ltd. or Pall RAI Co.) and polyethylene series (available
from Tonen or Entek).

As the electrolyte, a non-aqueous electrolytic solution
contaiming lithium salt, an organic solid electrolyte, an
iorganic solid electrolyte, or the like 1s used. For example,
the non-aqueous electrolytic solution may be an aprotic
organic solvent such as N-methyl-2-pyrrolidinone, propyl-
ene carbonate, ethylene carbonate, butylene carbonate, dim-
cthyl carbonate, diethyl carbonate, ethylmethyl carbonate,
gamma-butyrolactone, 1,2-dimethoxy ethane, 1,2-diethoxy
cthane, tetrahydrofuran, 2-methyl tetrahydrofuran, dimeth-
ylsulfoxide, 1,3-dioxolane, 4-methyl-1,3-dioxene, diethyle-
ther, formamide, dimethylformamide, dioxolane, acetoni-
trile, mitromethane, methyl formate, methyl acetate,
phosphoric acid triester, trimethoxy methane, dioxolane
derivatives, sulfolane, methyl suliolane, 1,3-dimethyl-2-
imidazolidinone, propylene carbonate derivatives, tetrahy-
drofuran derivatives, ether, methyl propionate, or ethyl
propionate.

Examples of the organic solid electrolyte may include
polyethylene derivatives, polyethylene oxide derivatives,
polypropylene oxide derivatives, phosphoric acid ester poly-
mers, poly agitation lysine, polyester sulfide, polyvinyl
alcohols, polyvinylidene fluoride, and polymers containing
ionic dissociation groups.
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Examples of the mmorganic solid electrolyte may include
nitrides, halides, and sulfates of lithium (1) such as Li;N,
Lil, LiNI,, Li;N—LiI-—IL1OH, LiS10,, LiS10,—Lil—
L1OH, Li,S18,, Li,510,, L[1,510,—Li1l—Li1OH, and
[L1,PO,—11,S—S18S,,.

The lithium salt 1s a material that 1s readily soluble 1n the
non-aqueous electrolyte. Examples of the lithium salt may

include LiCl, LiBr, Lil, LiClO,, LiB,,Cl,, LiPF.,
LiCF,SO,, LiCF,CO,, LiAsF,, LiSbF,, LiAICl,,
CH,SO.li, CF.SO,Li, LiSCN,  LiC(CF,SO,)..

(CF,SO,),NL1, chloroborane lithium, lower aliphatic car-
boxylic acid lithium, lithium tetraphenyl borate, and 1mide.

In addition, i order to improve charge/discharge charac-
teristics and tlame retardancy, for example, pyridine, trieth-
ylphosphite, triethanolamine, cyclic ether, ethylenediamine,
n-glyme, hexaphosphoric triamide, nitrobenzene deriva-
tives, sulfur, quinone 1mine dyes, N-substituted oxazolidi-
none, N,N-substituted imidazolidine, ethylene glycol dialkyl
cther, ammonium salts, pyrrole, 2-methoxy ethanol, alumi-
num trichloride, or the like may be added to the electrolyte.
According to circumstances, in order to impart imncombus-
tibility, the electrolyte may further include a halogen-con-
taining solvent such as carbon tetrachloride and ethylene
trifluoride. In addition, 1n order to improve high-temperature
storage characteristics, the electrolyte may further include
carbon dioxide gas, fluoro-ethylene carbonate (FEC), pro-
pene sultone (PRS), fluoro-propylene carbonate (FPC), or
the like.

The battery cell may be a lithium 1on polymer battery, a
lithium 10n battery, or a lithium polymer battery. The struc-
tures and components of the lithtum 10n polymer battery, the
lithium 10n battery, and the lithium polymer battery are well
known 1n the art to which the present invention pertains and
are incorporated herein by reference.

In accordance with another aspect of the present imnven-
tion, there 1s provided a device using the battery pack with
the above-stated construction as a power source. The device
may be selected from a group consisting of a laptop com-
puter, a mobile phone, a portable display player (PDP), a
portable multimedia player (PMP), an MP3 player, a digital
still camera (DSC), a digital video recorder (DVR), a smart
phone, a global positioning system (GPS), and a camcorder.

DESCRIPTION OF DRAWINGS

The above and other objects, features and other advan-
tages of the present mvention will be more clearly under-
stood from the following detailed description taken 1n con-
junction with the accompanying drawings, in which:

FIG. 1 1s a perspective view typically showing a curved
battery cell according to a non-limiting embodiment of the
present 1nvention;

FIG. 2 1s a perspective view typically showing a pack
housing according to a non-limiting embodiment of the
present 1nvention;

FIG. 3 1s a perspective view typically showing a battery
pack according to a non-limiting embodiment of the present
imnvention;

FIG. 4 15 a side view showing the battery pack of FIG. 3;
and

FIG. 5 1s a perspective view typically showing a pack
housing according to another embodiment of the present
invention.

BEST MODE

Now, preferred embodiments of the present invention will
be described in detail with reference to the accompanying
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drawings. It should be noted, however, that the scope of the
present invention 1s not limited by the illustrated embodi-
ments.

FIG. 1 1s a perspective view typically showing a curved
battery cell according to a non-limiting embodiment of the
present invention and FIG. 2 1s a perspective view typically
showing a pack housing according to a non-limiting embodi-
ment of the present invention.

Referring to FIGS. 1 and 2, a battery cell 100 1s completed
by sealing an opening 1n a state in which an electrode
assembly 1s received 1n a receiving part 150 of a pouch-
shaped battery case made of a laminate sheet together with
an electrolyte. Of four outer circumierential sealed portions
131, 132, 133, and 134, the three outer circumierential
sealed portions 131, 132, and 133 are bent toward a side 140
of the battery cell 100 excluding the outer circumierential
sealed portion 134, from which electrode leads 111 and 112
are exposed outward. The electrode leads 111 and 112 are
bent toward the outer circumierential sealed portion 134.

A pack includes upper plates 211, 212, and 213 forming
a window frame, a lower plate 221 forming a winding frame,
and four side plates 231, 232, 233, and 234 extending from
the upper plates 211, 212, and 213 and the lower plate 221
or connected to the upper plates 211, 212, and 213 or the
lower plate 221. The side plates 231 and 232 each have a
curved surface corresponding to a curved structure of the
receiving part 150 of the battery cell 100. The side plates 233
and 234 are tlat. The side plate 234 may be provided with an
opening, through which the battery cell 1s 1nserted.

FIG. 3 1s a perspective view typically showing a battery
pack configured to have a structure in which the battery cell
of FIG. 1 1s mounted 1n the pack housing of FIG. 2 and FIG.
4 15 a side view typically showing the battery pack of FIG.
3.

Referring to FIGS. 1 to 4, a spring back phenomenon in
which the curved battery cell 100 returns to a flat state before
being curved in directions indicated by dotted line arrows
occurs 1n the curved battery cell 100. Since the pack housing
200 has a curved battery cell recerving space defined by the
curved side plates 231 and 232 corresponding to the curved
structure of the battery cell 100 and the flat side plates 233
and 234, however, the pack housing 200 may restrain the
spring back phenomenon of the battery cell 100 mounted
therein. In FIGS. 3 and 4, solid line arrows are shown
exaggeratingly to describe an effect in which the spring back
phenomenon having magnitude equivalent to the length of
the dotted line arrows 1s restrained by the pack housing
through comparison. In actuality, 1t should be understood
that the spring back phenomenon does not occur through the
use of the pack housing.

FIG. 5 1s a perspective view typically showing a pack
housing including upper plates and lower plates extending in
different directions according to another non-limiting
embodiment of the present invention.

Referring to FIG. 5, a pack housing 200 includes six upper
plates 211, 212, 213, 214, 215, and 216 and five lower plates

221, 222, 223, 224, and 225. Specifically, the upper plates
211, 212, 213, 214, and 215, which are parallel to a side of
a battery cell from which electrode leads of the battery cell
protrude, 1ntersect the upper plate 216, which 1s parallel to
a side of the battery cell adjacent to the side of the battery
cell from which the electrode leads of the battery cell
protrude.

Similarly, the lower plates 221, 222, 223, and 224, which
are parallel to the side of the battery cell from which the
clectrode leads of the battery cell protrude, intersect the
lower plate 225, which 1s parallel to a side of the battery cell
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adjacent to the side of the battery cell from which the
clectrode leads of the battery cell protrude.

In a case 1n which the six upper plates 211, 212, 213, 214,
215, and 216 and the lower plates 221, 222, 223, 224, and
225 extending in different directions intersect as described
above, support force of the pack housing 1s improved,
thereby more eflectively restraining the spring back phe-
nomenon of the battery cell.

Although the preferred embodiments of the present inven-
tion have been disclosed for illustrative purposes, those
skilled 1n the art will appreciate that various modifications,
additions and substitutions are possible, without departing
from the scope and spirit of the invention as disclosed in the
accompanying claims.

INDUSTRIAL APPLICABILITY

As 1s apparent from the above description, the present
invention has the eflect of providing a curved battery pack
exhibiting improved dimensional stability.

The mvention claimed 1s:

1. A battery pack comprising: a battery cell having a
curved surface; and a pack housing having a curved surface,
the pack housing having a battery cell receiving space
corresponding to the curved surface of the battery cell and
configured to prevent occurrence of a spring back of the
battery cell by preventing change in curvature of the battery
cell due to external impact, wherein the battery cell com-
prises: an electrolyte; an electrode assembly having a curved
stacked surface of a cathode, an anode, and a separator;
clectrode leads connected to electrode tabs of the electrode
assembly; and a battery case having the electrolyte and the
clectrode assembly received in a recerving part having a
curved surface corresponding to the curved surface of the
clectrode assembly, an opeming of the battery case being
sealed 1n a state 1n which the electrode leads are exposed
outward, wherein the pack housing comprises: a curved
upper plate facing a top of the battery cell; a curved lower
plate facing a bottom of the battery cell; and side plates
connected or coupled to the upper plate or the lower plate to
form a curved receiving space, the side plates facing side
walls of the battery cell, two or more of the side plates being
curved, two of the side plates being tlat, one of the flat side
plates being provided with an opening, through which the
battery cell having the curved surface i1s mserted, and the
battery cell being slidable through the opening to be coupled
into the pack housing such that the electrode leads are
opposite to another of the two flat side plates, and wherein
the curved upper plate and/or the curved lower plate i1s a
window Irame.

2. The battery pack according to claim 1, wherein the
battery case has one or more outer circumierential sealed
portions bent toward an outer wall of the receiving part.

3. The battery pack according to claim 1, wherein the
battery case has one or more outer circumierential sealed
portions bent toward an outer wall of the receiving part and
an unbent outer circumierential sealed portion from which
the electrode leads are exposed outward.

4. The battery pack according to claim 3, wherein the
clectrode leads are bent toward the unbent outer circumier-
ential sealed portion.

5. The battery pack according to claim 1, wherein the
battery case 1s made of a laminate sheet comprising a metal
layer and a resin layer.

6. The battery pack according to claim 5, wherein the
laminate sheet 1s an aluminum laminate sheet.
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7. A battery pack comprising: a battery cell having a
curved surface; and a pack housing having a curved surface,
the pack housing having a battery cell receiving space
corresponding to the curved surface of the battery cell and
configured to prevent occurrence of a spring back of the
battery cell by preventing change in curvature of the battery
cell due to external impact, wherein the battery cell com-
prises: an electrolyte; an electrode assembly having a curved
stacked surface of a cathode, an anode, and a separator;
clectrode leads connected to electrode tabs of the electrode
assembly; and a battery case having the electrolyte and the
clectrode assembly received in a receiving part having a
curved surface corresponding to the curved surface of the
clectrode assembly, an opeming of the battery case being
sealed 1 a state 1n which the electrode leads are exposed
outward, wherein the pack housing comprises: a curved
upper plate facing a top of the battery cell; a curved lower
plate facing a bottom of the battery cell; and side plates

extending from the upper plate or the lower plate to form a
curved receiving space while facing side walls of the battery
cell, two or more of the side plates being curved, two of the
side plates being flat, one of the flat side plates being
provided with an opening, through which the battery cell
having the curved surface 1s inserted, and the battery cell
being slidable through the opening to be coupled into the
pack housing such that the electrode leads are opposite to
another of the two flat side plates, and wherein the curved
upper plate and/or the curved lower plate 1s a window frame.
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8. The battery pack according to claim 7, wherein the 3¢

battery pack comprises one or more upper plates and/or
lower plates parallel to a side of the battery cell from which
clectrode leads of the battery cell protrude.
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9. The battery pack according to claim 7, wherein the
battery pack comprises one or more upper plates and/or
lower plates parallel to a side of the battery cell adjacent to
another side of the battery cell from which electrode leads of
the battery cell protrude.

10. The battery pack according to claim 7, wherein the
side plates extending from the upper plate or the lower plate
extend to the lower plate or the upper plate.

11. The battery pack according to claim 1, wherein the
pack housing 1s made of a metal or a polymer resin.

12. A device using a battery pack according to claim 1 as
a power source.

13. The device according to claim 12, wherein the device
1s selected from a group consisting of a laptop computer, a
mobile phone, a portable display player (PDP), a portable
multimedia player (PMP), an MP3 player, a digital still
camera (DSC), a digital video recorder (DVR), a smart
phone, a global positioning system (GPS), and a camcorder.

14. The battery pack according to claim 1, wherein the
curved surface of the battery cell 1s an upper curved surface,

wherein the battery cell includes a lower curved surface,

and

wherein the upper curved surface and the lower curved

surface correspond to the curved upper plate and the
curved lower plate battery pack, respectively.

15. The battery pack according to claim 7, wherein the
curved surface of the battery cell 1s an upper curved surface,

wherein the battery cell includes a lower curved surface,

and

wherein the upper curved surface and the lower curved

surface correspond to the curved upper plate and the

curved lower plate battery pack, respectively.
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